In this study, we aimed to distinguish differences in the procedural complication rate in a group of patients undergoing percutaneous coronary interventions (PCI) of the left main coronary artery (LMCA) between patients with isolated LMCA disease and multi-vessel disease (MVD) with LMCA involvement and to identify their predictors. Material and methods: We assessed 221,187 patients from the Polish Cardiovascular Intervention Society national registry (ORPKI) regarding all PCI procedures performed in Poland in 2015 and 2016. We extracted data of 1,819 patients with isolated LMCA disease and 3,718 patients with MVD and LMCA involvement. We compared those two groups in terms of procedural complications and their predictors. Results: The overall rate of procedural complications was significantly higher in patients treated with LMCA PCI both in the group of patients with isolated LMCA (6.5%) and the group with MVD with LMCA involvement (7.3%) compared to the non-LMCA PCI group (1.9%, p = 0.002). Multivariate analysis confirmed that MVD with LMCA involvement is an independent predictor of decreased risk of procedural death in the overall group of patients undergoing PCI of the LMCA (odds ratio: 0.583; 95% confidence interval: 0.4-0.848; p = 0.005). Conclusions: The MVD involvement in patients treated with PCI of the LMCA may play a protective role. Patients with isolated LMCA involvement undergoing PCI should be subjected to special care and protected by various methods, such as devices to support left ventricle function.
Introduction
Since 1962, the leading method of coronary artery disease (CAD) treatment has been coronary artery bypass grafting (CABG). Nowadays, due to the introduction of percutaneous coronary interventions (PCI) in 1977, the number and type of indications for PCI have been constantly increasing. The optimal revascularization strategy for patients with multi-vessel disease (MVD) and left-main coronary artery disease (LMCA) is a continuing topic of debate [1] . Percutaneous coronary interventions of the LMCA is associated with high morbidity and mortality due to the large amount of myocardium at risk. European and U.S. guidelines recommend that most patients with LMCA disease should be treated with CABG [2, 3] . Despite significant developments in PCI, CABG remains the most commonly used treatment option for patients with complex CAD and those who are high-risk [4] . However, randomized trials have suggested that PCIs with drug-eluting stents (DESs) may be an acceptable alternative for selected patients with LMCA disease [5] [6] [7] . Moreover, new PCI devices including newer stent generations improve procedural and clinical outcomes in patients undergoing PCI and are related to a lower rate of procedural complications [8, 9] . Nonetheless, the group of patients undergoing PCI of the LMCA is not homogeneous, which undoubtedly has an impact on the procedural outcomes.
Therefore, the aim of the current study was to identify the differences in procedural complications between the groups of patients with isolated LMCA disease and MVD with LMCA involvement undergoing PCI of the LMCA and to identify their potential predictors.
Material and methods

Study population, design and definitions
Data for all patients who underwent PCI in Poland between January 2015 and December 2016 were analyzed. Prospectively collected data on PCI practice in Poland were obtained from the ORPKI Polish National Dataset, which is coordinated nationwide by the Jagiellonian University Medical College in cooperation with AISN PTK (Association of Cardiovascular Interventions, Polish Cardiac Society). Database characteristics and data collection methods have been included in previously published articles [10] [11] [12] [13] . Patients were categorized according to whether they were diagnosed with isolated LMCA disease and PCI of the LMCA or MVD with LMCA involvement and PCI of the LMCA. In general, MVD was defined as a disease stage in which at least two or three of the epicardial coronary arteries are affected by atherosclerosis of significant severity. Significant stenosis of the LMCA in coronary angiography was considered as > 50%, while in the case of the other coronary arteries, it was > 70% or > 50% when in-stent restenosis was implemented. When the significance of stenosis was not obvious in regular coronary angiography, intravascular ultrasound (IVUS) and/or fractional-flow reserve assessment was performed for confirmation or exclusion. All indices recorded in the ORPKI database are based on procedural data uploaded by the operator after each procedure. Therefore, they do not include all in-hospital complications, mainly those which occurred after the procedure until discharge from the hospital. Procedural complications include those occurring in the catheterization laboratory and were found by an interventional cardiologist who performed angioplasty and described them in an ORPKI protocol of the procedure drawn up after the patient was transferred from the operating room to the ward. Also, we have not collected follow-up data after discharge due to lack of patient IDs. The decision to perform PCI of the LMCA in isolated LMCA disease and PCI in patients with MVD and LMCA involvement was at the operators' discretion at each center according to current guidelines, and it was preceded by a heart team council deliberation [3] . All clinical decisions, such as vascular access, thrombectomy, treatment with glycoprotein (GP) IIb/IIIa inhibitors or bivalirudin, were at the operators' discretion. The definition of procedural complications including death, perforation, dissection, myocardial infarction (MI), allergic reaction, cerebral stroke, puncture site bleeding, no-reflow or cardiac arrest remained according to the operators' personal preferences and knowledge [10] . Cardiac arrests were reported in patients who survived, whereas those who died after cardiac arrest were reported as procedural deaths. For patients who have undergone so-called protected LMCA PCI, we found patients who underwent CABG surgery in the past in both compared groups.
Statistical analysis
Multifactorial analysis
We concentrated our analysis on the comparison of procedural complications between the groups of patients with isolated LMCA disease and MVD with LMCA involvement undergoing PCI. Due to the fact that the only significant difference was observed for the death and arterial dissection rates, the number of individuals was relatively low in both investigated groups compared to the death rate; however, we managed to identify its predictors in univariate and multivariable analysis. In this analysis, the following variables were tested in the overall group of patients undergoing PCI of the LMCA: age, gender, diabetes, previous cerebral stroke, myocardial infarction, previous PCI and CABG, smoking status, concomitant diseases including psoriasis, hypertension, kidney disease, chronic obstructive pulmonary disease, clinical presentation of coronary artery disease at baseline (stable angina (SA) vs. acute coronary syndrome (ACS), SA vs. acute myocardial infarction (AMI), SA vs. unstable angina (UA), UA vs. AMI), pharmacological treatment before PCI and during PCI (acetylsalicylic acid (ASA), unfractionated heparin (UFH), low-molecular weight heparin (LMWH), P2Y12 inhibitors, thrombolysis, GP IIb/IIIa inhibitors, bivalirudin), vascular access (radial vs. femoral), use of additional diagnostic methods such as fractional flow reserve (FFR), IVUS, optical coherent tomography (OCT), thrombectomy, thrombolysis in myocardial infarction (TIMI) flow before and after PCI, contrast dose and radiation exposure, PCI of chronic total occlusions or bifurcation, stent implantation, drug-eluting stent (DES) implantation, number of implanted DES stents (one vs. two or more stents), bare-metal stent (BMS) implantation, number of implanted stents regardless of type (one vs. two or more stents), bioresorbable scaffold (BRS) implantation and PCI with plain old balloon angioplasty (POBA) and/or failed PCI. Forward selection with a probability value for covariates to enter the model was set at the level of 0.05.
All continuous variables were evaluated with the Kolmogorov-Smirnov test for distribution. Continuous variables are presented as mean ± standard deviation and median ± interquartile range. Categorical variables are presented as numeric values and percentages. Continuous variables were compared using the two-tailed Student t-test and the Mann-Whitney U-test, whereas categorical variables were compared using the χ 2 test. Also, Spearman's rank correlation coefficient was calculated for the assessment of the potential relationship between death rate and selected indices in the isolated LMCA group and the MVD group with LMCA involvement. Statistical significance was accepted at a 0.05 level of probability. The statistical analyses were performed using Statistica 10.0 software (Dell Software, Inc., Round Rock, TX, USA).
Results
General characteristics
The general characteristics of patients examined in the current study including concomitant diseases, smoking, previous cardiovascular procedures, gender and age in the isolated LMCA group and the MVD group with LMCA involvement are presented in Table I .
Clinical presentation, vascular access and procedural variables
We compared types of clinical presentation, vascular access and selected procedural indices which involved procedural contrast dose, radiation exposure, use of FFR, IVUS and OCT, type of the lesion undergoing PCI including chronic total occlusion (CTO), bifurcations and the use of addi- 
CABG -coronary artery bypass grafting, COPD -chronic obstructive pulmonary disease, LMCA -left main coronary artery, MI -myocardial infarction, MVD -multi-vessel disease, PCI -percutaneous coronary intervention. Data given as ± SD, interquartile range (lower quartileupper quartile) or number and percentages. P-values were calculated for continuous variables using the two-tailed Student t-test or the Mann-Whitney U-test whereas the χ 2 test was used for categorical variables.
tional devices such as rotablation or thrombectomy in two separate groups of patients: the isolated LMCA group and the MVD with LMCA involvement group. This is presented in Table II . The PCI of CTO lesions was recorded in patients after CABG surgery, which was usually performed many years ago, and where the critical stenosis of the LMCA over the years became chronic total occlusion. In the group of patients with isolated LMCA the number was 10 patients (0.5% of all patients in this group and 2.57% of those with protected PCI of isolated LMCA disease), whereas in the group of patients with MVD and LMCA involvement, there were 78 patients (2.1% of all patients in this group and 9.2% of those with protected PCI of LMCA disease in MVD patients). In both cases, the percentage of patients with CTO treated with PCI differed statistically significantly between the group of patients with isolated LMCA disease and the group of patients with MVD and LMCA involvement. This is presented in Tables I and II .
Culprit lesion characteristics and type of PCI
We also distinguished and compared the type and frequency of culprit lesion undergoing PCI in three selected groups of patients, including de-novo, restenosis and in-stent thrombosis rates (Figure 1 A) . The restenosis rate was also divided into BMS, DES, BRS and POBA restenosis. This is presented in Figure 1 A. The frequency of de-novo lesions was similar in the MVD group with LMCA involvement as compared to the isolated LMCA group, and was significantly higher in the MVD group with LMCA involvement compared to the non-LMCA PCI group (p < 0.001). Also, the rate of restenosis was similar in both investigated groups of patients. This was mainly driven by a significantly higher rate of BMS in-stent restenosis (p = 0.005). In-stent thrombosis rates were lower in the MVD group with LMCA involvement compared to the isolated LMCA group (0.2% vs. 0.4%; p = 0.09). The location of significant stenosis in all patients in the isolated LMCA disease group was lo- In the MVD group with LMCA involvement, PCI with no stent implantation was performed in 82 (2.2%) patients, one stent in 1,133 (30.5%) patients, two stents in 1,702 (45.8%) patients and three or more stents were implanted in 801 (21.5%) patients. Percutaneous coronary interventions of isolated LMCA disease was performed without stent implantation in 167 (9.2%) patients, with one stent implantation in 1,618 (88.9%) patients, with two stents in 29 (1.6%) patients and three stents in 5 (0.3%) patients. The DES stents were significantly more often implanted in the isolated LMCA group as compared to the MVD group with LMCA involvement (p = 0.002). The BMSs were more often implanted in the MVD with LMCA involvement group, but without statistical significance (2.1% vs. 3%, p = 0.052). There were few implantations of BRS stents in patients treated with PCI of the LMCA, while PCIs with a drug-coating balloon were performed at similar rates (2% vs. 2.4%, p = 0.43). This is presented in Figure 1 B. While in the group of patients with isolated LMCA disease PCI of the LMCA did not coincide with PCI of other coronary artery or bypass, in the group of patients with MVD and LMCA involvement, PCI of the LMCA was accompanied by PCI of the RCA in 158 (4.2%) patients, the Cx branch in a location other than the proximal segment in 347 (9.3%) patients, the LAD branch in a location other than the proximal segment in 585 (15.7%) patients, a saphenous graft in 14 (0.4%) patients and the internal mammary artery in 4 (0.1%) patients. In total, in addition to LMCA PCI, one or more PCIs at one time were performed in 1,021 (27.4%) patients, of which one additional PCI was performed in 940 patients, two in 75 patients and three in 6 patients. Bifurcations in the MVD group with LMCA involvement were treated without stent implantation in 24 (3.9%) patients, with one stent PCI in 132 (21.7%) patients, two stents in 277 (45.6%) patients, three stents in 132 (21.7%) patients and with four stents in 10 (1.6%) patients. In the group 
Procedural effectiveness
The percentage of patients with TIMI 3 flow grade was greater at baseline in the isolated LMCA group as compared to the MVD group with LMCA involvement (p < 0.001), while being significantly lower in patients with TIMI 1 (p < 0.001) and 2 flow grade (p = 0.03). The effectiveness of PCI assessed as post-procedural TIMI 3 flow grade was significantly higher in the MVD group with LMCA involvement compared to the isolated LMCA group (94.7% vs. 92.8%, p = 0.004). This is presented in Figure 1 C.
Procedural complications
The rate of overall procedural complications was similar in patients undergoing PCI of isolated LMCA compared to those with MVD with LMCA involvement. The death rate was significantly higher in the isolated LMCA group compared to the MVD group with LMCA involvement (4.7% vs. 3%, p = 0.002). This is presented in Figure 2 .
Death rate and its relationship with selected indices
The relationship between selected indices and the rate of death in the investigated groups of patients is presented in Table III . The death rate was significantly increased in older patients, females and those with diabetes in the MVD with LMCA involvement group of patients, while in the isolated LMCA group, it lost its significance.
Predictors of procedural death
Among the independent increased risk predictors of procedural death in the overall group of patients undergoing PCI of LMCA, we were able to confirm age (p = 0.04), diabetes (p = 0.04), previous cerebral stroke (p = 0.003), ACS at PCI (p = 0.001), femoral access (p = 0.01), cardiogenic shock at PCI (p < 0.001), and TIMI flow other than grade 3 after PCI (p < 0.001) using multivariable analysis. We noted previous PCI (p = 0.006), previous CABG (p < 0.001), and PCI of the LMCA in the LMCA group of patients with MVD involvement (p < 0.001) among the factors decreasing the risk of procedural death. This is presented in Figure 3 .
Discussion
The present study revealed that the death rate in patients treated with PCI of the LMCA was significantly higher in patients with isolated LMCA disease compared to patients with LMCA involvement in MVD. It was also confirmed in multifactorial analysis that MVD is an independent protector from death in comparison to isolated LMCA disease.
The increased rate of procedural complications in patients undergoing PCI of the LMCA is conditioned by several factors, including a large area of the myocardium that is supplied by the LMCA and which is mainly responsible for the generation of the left ventricle ejection fraction, LMCA anatomy including its diameter and type of division [14] [15] [16] . It is difficult to compare the procedural complications and mortality rates in patients undergoing PCI of the LMCA because the availability of such data, apart from the designed trials, is limited. In the current study, the rate of procedural deaths in the analyzed popula- tion seems to be higher when compared to other randomized controlled trials (RCTs). This seems to be mostly driven by exclusion criteria. For example, the death rate of in-hospital or < 30 days after the index procedure in patients with MVD undergoing PCI with everolimus-eluting stents or CABG was estimated at 0.6% in the PCI group and 1.1% in the CABG group, while after a mean follow-up of 2.9 years, the PCI death rate was 3.1% per year and after CABG surgery it was 2.9% per year [17] . Also, in another study performed in a group of patients with MVD undergoing revascularization (PCI or CABG) the 30-day mortality rate was 0.2% in the PCI group and 0.8% in the CABG group [18] . However, some of the published studies reported comparable mortality in a similar group of patients [19] . Valgimigli et al. compared the effects of LMCA stenting according to the type of implanted stent (BMS vs. DES). Their population included a similar percentage of patients with protected LMCA stenosis -22% in the BMS group and 16% in the DES group. They included elective and non-elective patients qualified for PCI and the 30-day death rate was 7% for BMS stents and 
ACS -acute coronary syndrome, AMI -acute myocardial infarction, CABG -coronary artery bypass graft operation, IVUS -intravascular ultrasound, MVD -multi-vessel disease, PCI -percutaneous coronary intervention, TIMI -thrombolysis in myocardial infarction. Data are given as Spearman's rank correlation coefficients and p-values. P-values were indicated using Spearman's rank correlation.
11% for the DES group [19] . On the other hand, the meta-analysis performed by Pandya et al. reported the mortality rate of 5.94% after PCI of the unprotected LMCA during the 6-12 months of follow-up after DES implantation, while BMS was at the level of 7.24%. However, we noted significantly higher mortality and lower coronary dissection rates in the group with isolated LMCA disease compared to the group of patients with LMCA involvement in MVD disease; multifactorial analysis confirmed only MVD as a predictor of decreased rate of death. The number of coronary dissections and its percentage in both groups was lower compared to the death rates, and this probably determined the lack of reflection in multifactorial analysis assessment. The higher dissection rate in the MVD group compared to the isolated LMCA group was probably mainly driven by higher rate of bifurcations, CTOs and PCIs of arteries other than those linked to the LMCA. The protective effect of MVD on procedural mortality in patients undergoing PCI of the LMCA was probably due to the constant ischemic conditioning of heart muscle related to stenoses in other arteries in contrast to patients with isolated stenosis of the LMCA, where the heart muscle is definitely more often less used to ischemia. This has a substantial impact during the PCI procedure where the technique of the procedure requires periodic occlusion of the left coronary artery. Interestingly, against this thesis, it is justified by the fact that the frequency and proportion of non-death related cardiac arrests were similar in the group of patients with isolated LMCA disease and those with MVD and LMCA involvement. Also, the procedural death rate was undoubtedly significantly influenced by the higher percentage of post-procedural TIMI 3 flow grade in the group of patients with PCI of the LMCA in MVD. Additionally, residual stenosis, which was not assessed in the current study, could influence this relationship. However, the incidence of diabetes and kidney failure did not differ significantly between the two investigated groups. Considering the effect of peripheral circulation on procedural complications and angiographic outcomes, bypasses should first be deliberated. The percentage of patients after the CABG procedure was similar in both groups. It can therefore be hesitantly concluded that collateral circulation supplied by bypasses had a significant impact on procedural outcomes. On the other hand, collateral circulation supplied by native arteries could have a greater contribution. In the group of patients with isolated LMCA disease, the collateral circulation was supplied by the right coronary artery (RCA) in many cases due to the fact that RCAs were patent in all cases in this group and free of critical stenoses. We are also not in possession of data on the CABG patency, possible CTOs and collateral supply in the LM territory of the MVD patients, except for raw data on the percentage of patients after CABG. This was not the case for all patients in the MVD group with LMCA involvement where, in many cases, the RCA was critically stenosed or totally occluded. However, we do not have accurate data to determine the number of patients in whom this occurred. Nevertheless, it seems that this mechanism should have an impact on improving the results in the group of patients with isolated LMCA involvement, in comparison to the MVD group of patients with LMCA involvement.
Among the common predictors of mortality we may find previous CABG, previous cerebral stroke, ACS, femoral access, cardiogenic shock and post-procedural TIMI 3 flow grade. It was demonstrated that patients after transient ischemic attack and ischemic stroke are at increased risk of myocardial infarction and non-stroke vascular death [20] . This was confirmed in the present study among the overall group of patients treated with LMCA PCI. This is probably due to poorer mobility of those patients and the limited response of the cardiovascular system to stress such as PCI of the LMCA. This response includes, among others, vasoreactivity, thrombogenicity, sympathetic stimulation and transient ischemia of heart muscle.
It has been proven that femoral access is associated with poorer clinical outcomes in patients with ACS treated using PCI [21] . This could be explained mostly by the fact that patients with femoral access are often in a severe clinical state and undergo more complicated and demanding procedures.
In the current study, procedural success expressed as TIMI flow 3 grade after PCI was found to be an independent protecting factor of procedural deaths in the overall group of patients treated with PCI of the LMCA. This was especially expressed in the MVD group. This relationship seems to raise no doubts or discussion due to the fact that the successful procedure is assumed to be burdened with a smaller amount of procedural complications and mortality.
Acute coronary syndromes, cardiogenic shock before PCI and cardiac arrest during PCI are all clinical states which are related to increased risk of procedural complications and mortality, which has been proven in several published studies [22] . Patients with LMCA stenosis are at increased risk of cardiac arrest or cardiogenic shock due to several mechanisms discussed above.
In the analyzed study, the history of previous CABG was found to be an independent predictor of decreased risk of procedural death in all analyzed groups of patients treated with PCI of the LMCA. The percentage of patients after previous CABG was similar in the group of patients with MVD and LMCA involvement and isolated LMCA disease. Previously implanted grafts may serve as protection against transient ischemia during PCI of the LMCA, and due to that fact, could modify the rate and type of procedural complications. However, as mentioned above, the number of patent grafts is not without significance in the final analysis.
In the current study, kidney failure was not related to the death rate in the overall group of patients treated with PCI of the LMCA. Multivariate analysis also did not confirm this relationship in the group of patients treated with PCI of the LMCA. Previously published studies revealed that elevated creatinine level was associated with poor myocardial blood flow and with an increased risk of death during the one-year follow-up after emergency PCI procedures in patients with STEMI [23] . A similar relationship was found for diabetes [24, 25] . This relationship could be explained mainly due to the pathogenesis of atherosclerosis and higher frequency of MVD in patients with kidney failure and diabetes compared to those without kidney function impairment [24, 25] .
In conclusion, PCI of the LMCA in patients with isolated LMCA disease is associated with increased risk of procedural mortality in comparison to patients with MVD and LMCA involvement. Based on the presented results, more caution in patients with isolated LMCA involvement treated with PCI is advised when considering a range of protective devices and strategies such as those for assisting the left ventricle ejection fraction.
First of all, this is a study based on the nationwide volunteer registry rather than a prospective randomized controlled trial. This tends to decrease and underestimate the detection of the procedural complication rate and other crucial variables which depend on subjective assessment of the operator, despite the large overall interventional volume included in our analysis. Furthermore, the current analysis does not include all in-hospital complications, which certainly weakens its value. Undoubtedly, the advantage of the current study is that the results are closer to real life than to randomized clinical trials and show clinical data depicting the results of LMCA PCIs in Central Europe. Comparison of groups in terms of the SYNTAX score could provide additional information about the predictors of procedural complications, although such analysis was impossible to perform due to the lack of such data. We also were not in possession of data regarding left ventricular function and number of patients transferred to CABG in urgent mode. The use of left ventricle assistance devices including pumps to support PCI procedures is very occasional in Poland and would certainly not have a significant impact on the results of the current study, while the use of intra-aortic balloons (IABP) is much more frequent, but also, data on the IABP placement were not included in the analyzed database. The frequency of IABP use can certainly be related to the frequency of procedural complications and angiographic effectiveness.
We also did not have accurate data on the type of technique used during the LMCA PCI procedure in individual groups of patients, such as whether proximal optimization technique or kissing balloons were used, or what kind of stenting technique for bifurcation was used, and what pressures were implemented when stents or balloons were inflated, and such a comparison would provide additional and more precise information.
